INTRODUCTION
Recently, materials possessing amorphous and amorphous-crystalline structures have been used to manufacture workpieces with improved physical-chemical and mechanical properties. Extraordinary enhancements in performance can be gained when, for surface layer reinforcement, amorphous alloys in the form of coatings are deposited on workpieces made of conventional design materials.
A relatively new trend is the manufacture of Fe-B, Fe-Si-B, Fe-Cr-B alloy coatings, which form amorphous structures. These coatings are relatively inexpensive and possess a uniform complex of properties, however, the quality of the machined surface frequently lacks desirable characteristics. The available technical literature discriminates between two directions of research in this area. The first deals with the different types of amorphous coatings and their application technologies, while the second deals with the tools for their machining.
Surfaces of the amorphous metal-metalloid alloy Fe 80 B 20 prepared by laser annealing were investigated [1] and [2] . Their results show that laser annealing leads to large enhancements in boron concentration in the first 0.5 to 1.0 nm of the surface, as a consequence of the surface oxidation of boron and iron. The supercooled liquid region, the tensile fracture strength and the Vickers hardness of the Fe-B-Zr amorphous alloys were measured [3] and [4] . The addition of Nb to the ternary Fe-B-Zr system was found to lead to significant changes in glass-forming ability (GFA), strength, and hardness. Their results are discussed in the context of the three empirical rules for the achievement of high GFA metallic glass and the change in packing density of the amorphous phases. A novel Gas Metal Arc Welding (GMAW) process, referred to as double-electrode GMAW or DE-GMAW, has been developed to make it possible to control melting at a desired level [5] .
By means of differential scanning calorimeter (DSC) measurements, the thermal stability of an amorphous Fe 80 B 20 alloy after various periods of low-energy ball milling has also been studied [6] and [7] . The results indicate that the thermal stability of the amorphous
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Fe 80 B 20 ribbons can be enhanced upon mechanical deformation with a low milling intensity. The second group of papers is related to PCBN tools and their use in hard turning. Many parameters, such as the composition and hardness of the workpiece and of the tool material, the environment and the machining parameters influence the different degradation mechanisms, which will eventually affect the workpiece surface finish and tool life [8] and [9] . Degradation mechanisms in PCBN tools are particularly dependent on the temperature and stress during cutting and on the chemical composition of both the tool and workpiece materials. According to [10] , three main mechanisms are involved in the wear of PCBN tools: (1) chemical wear caused by the interaction with the environment (atmospheric oxidation and interaction with the workpiece), (2) formation of a protective layer on the surface of the tool at high temperatures, and (3) removal of this layer at very low temperatures or lower cutting speed, leading to abrasive wear and further chemical wear. The protective layer has also been considered [11] .
Different classifications of tool wear in metal cutting can be found in the literature. In typical classifications the most prominent mechanisms of tool wear are abrasion, adhesion and diffusion. CBN tool flank wear is considered to be the main wear pattern and an important tool life metric in hard turning, and it has been extensively studied [12] to [15] . While flank wear is generally used as an indicator of tool wear, it does not tell the whole story. The brittle materials used for cutting tools, such as CBN, require large wedge angles and negative rake angles. However, as crater wear progresses, the effective rake angle becomes more positive, leading to changes in the tool's cutting geometry [16] and [17] .
The application of amorphous-crystalline coatings is limited to a considerable extent in practice due to the lack of scientifically based data on their mechanical machining properties. In the engineering literature not many works are available related to mechanical machining of coatings that possess an amorphous-crystalline structure. There is virtually no information about the effects of structure properties and amorphouscrystalline coatings on cutting tool life and wear. Coatings are considerably more difficult to machine by cutting as compared to monolithic materials of identical chemical composition and hardness due to the changing mechanical properties and machining allovance size as well as due to the presence of solid particles and pores in the structure.
The answer to the question about the effects of the coating material's non-homogeneity on tool life and wear is crucial in the choice of machining regime parameters. A substantial improvement in techno-economic parameters of the cutting process in coated components can be achieved by using tools made of super-hard materials such as PCBN. Therefore, the principal aim of this paper is to experimentally assess the influence of key machining partameters on PCBN tool life and wear.
EXPERIMENTAL SETUP AND PROCEDURES
The experiments were carried out using a PH 42-CNC lathe with a 16 kW spindle with a speed range from 16 to 5200 rpm, with PCBNCiborit cutter bits (Institute of superhard materials, Kiev, UA), a scanning electron microscope (JSPM 5200), and workpiece coatings with the following structures: Fe 80 B 20 and Fe 79 Cr 16 B 5 formed by various technologies (Fig. 1) . The base workpiece material on which the coatings were deposited was steel 40Ch-GOST (1040 SAE). Table 1 lists the mechanical characteristics of the coating materials while Table 2 gives the hardness values of the coatings. The tests were performed under the following conditions: cutting speed 0.6 to 2.7 m/s; feed 0.05 to 0.18 mm/rev; cutting tool, insert PCBN-Ciborit, RNMN 0703-T, back rake angle 0 to -20°. 
Fig. 1. Experimental set-up

TOOL WEAR AND TOOL LIFE RESULTS
The turning of workpieces with amorphouscrystalline coatings Fe 80 B 20 and Fe 79 Cr 16 B 5 with PCBN tools was performed at relatively high cutting speeds, lower feeds and depths of cut due to constraints imposed by the coating thickness of a = 0.1 to 0.6 mm. As the depth of cut was small, the contact area between the tool and the chip was also small, resulting in a very high specific load in the contact area. The experiments were replicated five times under identical machining conditions. Tool flank wear was measured and the mean measured value was taken for the result, with deviations of up to 5%. For every coating and corresponding cutting regime a new Ciborit cutter bit was used. The investigations were based on observations and measurements of flank wear (VB) in turning of the corresponding coatings and the determination of the tool's life. Fig. 2 shows a photograph of the back rake and the flank surface wear patterns of the Ciborit cutting tools, while 
DISCUSSION
When turning of coatings whose structure is over 70% amorphous (Fe 80 B 20 ) a continuous/ ribbon chip is being formed. This chip is contact with tool back rake surface over a long period of time, resulting in tool wear across the back rake surface as depicted in Fig. 2a . Due to the low thickness of the chips, the tool contact surface approaches the cutting edge and results in its rapid wear and destruction. When turning coatings whose amorphous structure accounts for 50% (arc coatings formed with electrodes Fe 79 Cr 16 B 5 ) the tool predominantly wears across the flank (Fig.  2b) . This is the consequence of the fact that the structure of these coatings is formed of separate fragments which are, unlike highly amorphous coatings, insufficiently deformed in the layering process and weakly inter-connected, primarily due to diffusion processes and mechanical interaction. In machining of both types of coatings initial tool wear is observed, which then turns into uniform wear, as noticeable in Fig. 3 .
Simultaneously with tool back rake and flank surface wear, when turning the respective coatings, the occurrence of deposits was observed on the tool's back rake surface. Based on the tests performed, it was observed that when turning coatings of identical chemical composition but formed by different technologies deposits with various characteristics occur on tool back rake surface. Namely, after turning of electro arc coating Fe 79 Cr 16 B 5 deposits of relatively high density are formed on the tool's working surfaces, while when turning of heterogeneous gas flame coatings of the same chemical composition loose unstable deposits are observable and are periodically removed in the machining process leading to more intensive wear and lower tool life. Different deposit forms and structures are created during machining of coatings of the same chemical composition, but formed by different technologies, indicating that the characteristics of the contact inteactions in the cutting zone are different and determined by the specific method by which each coating was formed.
It is well-known that coatings on workpieces are of relatively low thickness but high price, therefore tool life determination is very costly and, in some cases, tests are difficult to carry out. Hence, when determining tool life, it is assumed that [18] if in the process of machining tool wear intensity under machining conditions (v, f, γ) is higher or lower compared to tool wear intensity under a different set of machining conditions (v‫,׳‬ f‫,׳‬ γ‫,)׳‬ then the trend in the changes will be retained along the entire tool wear curve. This makes it possible to conduct tests to find out a sharp tool's life in turning of various types of coatings, where VB = 0.1 mm is taken as the tool life criterion (T0.1).
Experimental data presented in Cutting speed largely affects tool wear, and maximal tool life is achieved at a cutting speed of v = 1.1 to 1.2 m/s.
Under this machining regime, contact conditions are created for which the intensity of the abrasive interaction in the cutting zone is significantly decreased and the tool is subjected to optimal dynamic stresses, adhesion contact and chemical interactions. All the aforementioned conditions lead to a minimum intensity of wear. With an increase in the cutting speed, tool life gradually decreases as a consequence of the elevated intensity of wear and changes in both the temperature and dynamic conditions of cutting, as well as of the development of highly unfavorable impact loads on the Ciborit cutter bit.
The influence of feed is essentially coupled with that of the cutting speed. It is characteristic of the investigated cutting speed range that tool life decreases with an increase in the feed. In turning at speed of v > 1.2 m/s the feed influences tool life more significantly than at lower cutting speeds. Namely, an increase in the feed leads to a temperature rise in the cutting zone leading to considerably intensified chemical reactions that, in turn, lead to a decrease in tool life. In turning of the coatings being considered in the present work, the tool back rake angle also appreciably influences tool life. Thus, a change in γ = 0 to -10º does not show a high influence on tool life change at cutting speeds up to v = 1.2 m/s, which is not the case when γ = -20º (Figs. 5a and c, 6 ). This is explained by the increase in the chip and tool back rake contact surface area. So, an optimum value for the back rake is γ = -10º, because at this value the tool possesses the highest tool life, which is needed to achieve the lowest values of the machined surface's roughness parameters.
CONCLUSION
The paper presents tests results for PCBN Ciborit tool wear and the determination of its tool life when turning coatings that possess a heterogeneous amorphous-crystalline structure and that are formed by various technologies.
On the basis of what has been said, the mechanism of PCBN cutting edge wear in turning of amorphous-crystalline coatings is complex in its characteristics and is influenced by abrasive, mechanical, adhesive and chemical interactions in the cutting zone. The wear characteristics are dependent upon the structure of the machined material, cutting regime and tool geometry.
The investigations carried out in turning of gas-flame coatings Fe 80 B 20 with Ciborit tools show that the highest tool life was achieved at a cutting speed of 1.2 m/s, feed 0.06 mm/rev and rake angle γ = -10º (Fig. 5) .
The results indicate that in the tested cutting speed range, an increase in the feed leads to a tool life decrease. In turning at v > 1.2 m/s, the influence of the feed on tool life decrease is greater than at lower cutting speeds. It has been demonstrated that a change in the back rake angle γ = -10 to -20º at the applied cutting speeds and feed leads to tool life decrease, and that as a consequence of tool wear increase. It should be pointed out that as the cutting speed is increased the influence of heterogeneity of the coatings Fe 80 B 20 and Fe 79 Cr 16 B 5 on tool life is decreased, as indicated by Fig. 3 .
